ABSTRACT Objectives: To investigate the association between rheumatoid arthritis (RA) and self-reported sleep duration.
INTRODUCTION
Arthritis is the most common cause of disability worldwide. Rheumatoid arthritis (RA) is characterised by persistent inflammatory symmetrical synovitis with pain, swelling and a broad range of systemic manifestations in the peripheral joints. 1 This disease is also associated with sleep disturbances 2 which play an important role in the maintenance of an individual's health. 3 4 Importantly, poor sleep in patients with RA could originate from pain or may contribute to increased level of pain and fatigue. 5 6 Additionally, sleep disorders such as sleep apnoea or primary insomnia typically result in poor sleep quality in patients with RA as well as exacerbating the patient's primary symptoms. 7 Sleep disturbances affect more than half of patients with RA 8 9 and are thought to be more common among those with active inflammation 10 or physical health conditions such as associated pain, fatigue and/or functional disabilities. 11 Although physicians often assume that inflammation is the stimulus for RA-related pain, many of these
Strengths and limitations of this study
▪ This study used nationwide survey data of community dwelling people. A large population sample size was representative of the general population, so that the results can be generalised to the general population in South Korea. ▪ The lack of validated questionnaires assessing rheumatoid arthritis and sleep duration was a major limitation of the present study, as more objective methods tend to yield more accurate results. ▪ Respondents' reports were subjective and were imperfect measures potentially affected by perception bias and adaptation of resources. ▪ We used cross-sectional nature data for our estimates. Therefore, the results possibly reflected reverse causality and are bidirectional.
patients continue to experience pain following adequate suppression of inflammation. 12 Furthermore, sleep disturbances and inadequate sleep are related to serious outcomes such as reduced health-related quality of life, 13 a higher risk of morbidities 14 and, ultimately, increase in all-cause mortality. 15 Additionally, sleep disturbances are almost threefold more frequent in females than males. 16 Thus, the quality and amount of sleep in patients with RA are important issues for rheumatologists, particularly after the finding that etanercept and infliximab's ability to reduce daytime sleepiness. 17 Therefore, the primary aim of the present study was to investigate the association between RA and self-reported sleep duration using 7 years of aggregated cross-sectional data (2007-2013) obtained from the Korea National Health and Nutrition Examination Survey (KNHANES).
METHODS

Study sample
To evaluate the relationship between sleep duration and RA, the present study analysed data from the fourth The total target population initially consisted of 24 871, 25 534 and 8018 participants who completed the 2007-2009, 2010-2012 and 2013 KNHANES assessments, which had average response rates of 78.4%, 80.8% and 79.3%, respectively. The information from 14 305 individuals aged 1-18 years old were excluded from the present analyses while the information of 44 118 individuals aged 19 years and older were included. Additionally, the present study excluded 6036 individuals with missing data regarding age, occupation, income and/or marriage status and 103 individuals with missing data regarding smoking, drinking, perceived stress, exercise, sleep duration, RA, hypertension, and/or dyslipidaemia. Thus, a total of 37 979 individuals were selected for the final analyses in the present study. Since all KNHANES data are available publicly, this study did not require approval from an institutional review board.
Variables
Dependent variables
In the present study, sleep duration was based on selfreported data acquired in response to the question 'How many hours do you usually sleep?'. The responses were classified into three categories (≤6 hours, 7-8 hours and≥9 hours) based on the sleep definitions of the International Classification of Sleep Disorders, 2nd edition, in which ≤6 hours is defined as a short sleeper and ≥9 hours as a long sleeper. 18 
Independent variables
In the present study, diabetes mellitus type 2 cases were considered to be the participants who answered 'Yes' to the question 'Are you currently suffering from RA?' in the self-reported data. RA was categorised as either 'Yes' or 'No'.
Sociodemographic factors
The present analyses included age, gender, household income, marital status, occupation and region of residency as sociodemographic factors; all of the covariates were categorical. Individual income was calculated by dividing a participant's household monthly income by the square root of the household size, and the participants were ranked from lowest to highest income and then grouped into four household income quartiles. Predefined categories were used to categorise household incomes, similar to how the raw KNHANES data are processed. The residency regions were categorised into urban (administrative divisions of a city: Seoul, Daejeon, Daegu, Busan, Incheon, Kwangju or Ulsan) and rural (not classified as administrative of a city), and occupational status was classified into the following three categories: white collar (administrative, engineering, scientific, teaching and related occupations, sales and related occupations, and service occupation), blue collar (farming, forestry, fishing and hunting, craft and repair, operators, fabricators, and labourers) and unpaid employment (including housewives and students).
Health behaviour factors
Questions regarding alcohol use, smoking status and the number of days of moderate exercise per week were assessed by a health interview survey and included as covariates in the present analyses. Alcohol use was further assessed by questioning the participants about their average frequency (days per week or month) of alcohol use during the past year.
Health status factors
Perceived stress, the extent of RA pain and body mass index (BMI) were also included in the present model. The following were categorised into four groups for the present analyses: perceived stress (very high, high, low and very low), and BMI (thin: <18. . 19 Extent of RA pain was measured by asking the respondents to assess the extent suffering from RA using a pictorial representation of 0-10 scores. Extent of RA pain was categorised into two groups: Low (0-5) or High (6-10).
Statistical analysis
The distributions of the general characteristics of the participants were assessed using χ 2 tests, and Association between sleep duration and RA 
DISCUSSION
Since sleep disturbances may be an important clinical feature for patients with RA, this issue has recently received an increasing amount of attention. 20 21 Thus, the present study aimed to investigate RA and its relationship with sleep duration using 7 years of aggregated data from a large representative population-based survey conducted in Korea. The present study found an association between RA and the reported symptoms of short sleep duration that was statistically significant (OR: 1.23, 95% CI 1.01 to 1.51) even in the presence of perceived stress, which suggests that stress could be a trigger or signal for an inappropriate sleep duration in patients with RA. In general, there is a U-shaped association between RA and short or long sleep duration, and this similarly shaped relationship was evident in this study. In addition, in a subgroup analysis based on the extent of pain in RA, these associations were statistically significant only in those with high pain from RA. These associations were independent of sociodemographic variables, (eg, age, gender, household income level, marital status, occupation and region of residence), health behaviour variables (eg, smoking status, frequency of alcohol use and number of days of moderate exercise per week), and health status variables (eg, perceived stress, the extent of RA pain, BMI), and year of the survey. A nationwide study conducted in the USA found that RA is associated with sleep disturbances in ∼10 million adults. 22 The presence of sleep disturbances in patients diagnosed with a range of rheumatological-related diseases including systemic lupus erythematosus, fibromyalgia, chronic fatigue syndrome, multiple sclerosis and RA have also been assessed. 23 Additionally, recent studies have indicated that sleep disturbances from other causes such as difficulties with the onset of sleep and waking up early in the morning are also major symptoms in patients with RA, and that fatigue in patients with RA is likely due to poor quality of sleep, a functional disability, joint pain and/or depressive symptoms. [23] [24] [25] [26] [27] Poor quality of sleep and sleep disturbances can worsen physical and mental health conditions, including RA symptoms and pain, in the general population. 28 Similarly, the pain and discomfort caused by RA with inflammation may result in a greater frequency of sleep disturbances, contributing to functional impairments such as poor sleep quality which have a significantly negative impact on the health and well-being of individuals. 29 Along with a significantly higher prevalence of fatigue, there is also a greater risk of sleep disturbances from causes such as obstructive sleep apnoea (OSA) in patients with RA, because they are more likely to have chronic health issues, including high blood pressure and high BMI. This consequently leads to increased risks of cardiovascular disease and nocturnal sudden cardiac death. 30 Accordingly, the autonomic response is more severe in patients with chronic OSA than in individuals with a low risk of OSA. [30] [31] [32] [33] In the present study, a multinomial logistic regression analysis revealed that the important factors influencing the relationship between RA and sleep duration include perceived stress and the extent of RA pain. Although the causes of sleep disturbances in patients with RA are likely multifactorial, only 30% of older Americans with sleep disturbances seek treatment at hospitals or treatment centres using multidisciplinary approaches, relying on various self-care strategies instead. 34 35 Therefore, the provision of comprehensive care for patients with RA requires encouraging the patient to report sleep disturbances as well as conducting timely diagnoses to reduce their symptoms. In this manner, the present data regarding the prevalence of sleep disturbances in patients with RA will contribute to the awareness of physicians and healthcare professionals regarding this issue and may aid in the development of appropriate interventions to properly manage, minimise or eliminate these symptoms.
There are several potential limitations that should be taken into consideration when interpreting the present results. First, because this study used a cross-sectional design, the results may reflect reverse causality and a bidirectional relationship in the association between RA and sleep duration. Therefore, longitudinal studies using validated measures of RA and sleep duration are required to see if these findings can be replicated and to clarify the causality and mechanisms that underlie the association between RA and sleep duration. Second, although the use of self-reports is a valuable source of information in large-scale epidemiological studies, the lack of validated questionnaires assessing RA and sleep duration was a major limitation of the present study, as more objective methods tend to yield more accurate results. Controlling for socioeconomic status, health status and behaviour variables, as in the present study, may partially ameliorate these issues, but future in-depth studies are necessary to determine more accurately the relationship between RA and sleep disturbances, including difficulty falling asleep, difficulty maintaining sleep, time spent in bed, waking after sleep onset, sleep onset latency, sleep quality, time of going to bed in the evening, time of turning out the lights with the intention to sleep, wake time in the morning, time of getting out of bed in the morning and insomnia.
CONCLUSIONS
The present study found that patients with RA may be at a higher risk for sleep disturbances than are individuals without RA. This apparent difference may be attributed to pain reported by patients with RA, which may also be associated with RA itself. The present findings suggest that healthcare professionals who treat patients with RA in routine clinical practice should be aware of the relationship between RA and sleep disturbances. Future research that includes objective measures of sleep disturbances is necessary to fully characterise the extent to which sleep disturbances affect patients with RA.
